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= 𝐹𝐹 (𝑑𝑑𝑣 𝑑𝑑)− 𝐹𝐹𝑐𝑐(𝑑𝑑𝑣 𝑑𝑑)𝑣
𝑚𝑚 𝐹𝐹 (𝑑𝑑𝑣 𝑑𝑑) 𝐹𝐹𝑐𝑐(𝑑𝑑𝑣 𝑑𝑑)
𝑑𝑑 𝑑𝑑






















= 𝐹𝐹 (𝑑𝑑𝑣 𝑑𝑑)− 𝐹𝐹𝑐𝑐(𝑑𝑑𝑣 𝑑𝑑)𝑣
𝑚𝑚 𝐹𝐹 (𝑑𝑑𝑣 𝑑𝑑) 𝐹𝐹𝑐𝑐(𝑑𝑑𝑣 𝑑𝑑)
𝑑𝑑 𝑑𝑑























































+ 𝐹𝐹 (𝜕𝜕𝑥 𝜕𝜕𝑥 𝑢𝑢) = 0













































− 𝑞𝑞𝑢𝑢+ 𝐹𝐹 (𝑝𝑝, 𝑦𝑦, 𝜕𝜕, 𝑢𝑢) ,
𝐾𝐾1 𝐾𝐾21, ρ, 𝑞𝑞













































− 𝑞𝑞𝑢𝑢+ 𝐹𝐹 (𝑝𝑝, 𝑦𝑦, 𝜕𝜕, 𝑢𝑢) ,
𝐾𝐾1 𝐾𝐾21, ρ, 𝑞𝑞
𝑑𝑑
𝜕𝜕









































































































u𝑇𝑇𝑑𝑑𝑑𝑑𝑑𝑑u𝑑𝑑 − µ0u𝑇𝑇𝑑𝑑 𝑇𝑇𝑑𝑑J𝑑𝑑𝑥
u𝑑𝑑



































































































































𝑥𝑥𝑥𝑥 𝑥𝑥𝑥𝑥 𝑧𝑧𝑥𝑥 𝑥𝑥𝑧𝑧 𝑧𝑧𝑥𝑥 𝑥𝑥𝑧𝑧
















φ = α1 + α2𝑥𝑥+ α3𝑦𝑦𝑦
φ = α1 + α2𝑥𝑥+ α3𝑦𝑦 + α4𝑥𝑥𝑦𝑦 + α5𝑥𝑥2 + α6𝑦𝑦2,
𝐹𝐹 (α1 + α2 + α3 + α4 + α5 + α6) = 0𝑦
𝑥𝑥 𝑦𝑦
φ = α1 + α2𝑥𝑥+ α3𝑦𝑦𝑦
φ = α1 + α2𝑥𝑥+ α3𝑦𝑦 + α4𝑥𝑥𝑦𝑦 + α5𝑥𝑥2 + α6𝑦𝑦2,













































E = E𝑒𝑒𝑒𝑒𝑒𝑒 + E𝑖𝑖 + E𝑣𝑣.
E𝑒𝑒𝑒𝑒𝑒𝑒
E𝑖𝑖 E𝑣𝑣















E = E𝑒𝑒𝑒𝑒𝑒𝑒 + E𝑖𝑖 + E𝑣𝑣.
E𝑒𝑒𝑒𝑒𝑒𝑒
E𝑖𝑖 E𝑣𝑣
E𝑣𝑣 = [v ×B]
B = µH = µ0 (H+M) = µ0 (1 + χ𝑚𝑚)H = µ0µ𝑟𝑟H,
µ µ0




D = εE = ε0E+P = ε0 (1 + χ𝑒𝑒)E = ε𝑟𝑟ε0E,
ε / ε0














































Z (r𝑟 𝑟𝑟) = Z (r) cos (ω𝑟𝑟+ ϕ) 𝑟
𝑍𝑍(𝑟𝑟) ω
ϕ 𝑗𝑗





























σµ(v × 𝑟𝑟𝑟𝑟𝑟𝑟A) + 𝑑𝑑𝑑𝑑𝑑𝑑(𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑A) = µJ𝑒𝑒𝑥𝑥𝑒𝑒.




+ σµ(v × 𝑟𝑟𝑟𝑟𝑟𝑟A) + 𝑑𝑑𝑑𝑑𝑑𝑑(𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑A) = µJ𝑒𝑒𝑥𝑥𝑒𝑒.
𝑟𝑟𝑟𝑟𝑟𝑟
𝑟𝑟𝑟𝑟𝑟𝑟(𝑟𝑟𝑟𝑟𝑟𝑟(H)) = 𝑟𝑟𝑟𝑟𝑟𝑟(J).
𝑟𝑟𝑟𝑟𝑟𝑟(𝑟𝑟𝑟𝑟𝑟𝑟(H)) = 𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑(𝑑𝑑𝑑𝑑𝑑𝑑(H))− 𝑑𝑑𝑑𝑑𝑑𝑑(𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑(H)),
H
𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑(𝑑𝑑𝑑𝑑𝑑𝑑(H))− 𝑑𝑑𝑑𝑑𝑑𝑑(𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑(H)) = 𝑟𝑟𝑟𝑟𝑟𝑟(J),
𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑(𝑑𝑑𝑑𝑑𝑑𝑑(H)) = 0






σµ(v × 𝑟𝑟𝑟𝑟𝑟𝑟A) + 𝑑𝑑𝑑𝑑𝑑𝑑(𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑A) = µJ𝑒𝑒𝑥𝑥𝑒𝑒.




+ σµ(v × 𝑟𝑟𝑟𝑟𝑟𝑟A) + 𝑑𝑑𝑑𝑑𝑑𝑑(𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑A) = µJ𝑒𝑒𝑥𝑥𝑒𝑒.
𝑟𝑟𝑟𝑟𝑟𝑟
𝑟𝑟𝑟𝑟𝑟𝑟(𝑟𝑟𝑟𝑟𝑟𝑟(H)) = 𝑟𝑟𝑟𝑟𝑟𝑟(J).
𝑟𝑟𝑟𝑟𝑟𝑟(𝑟𝑟𝑟𝑟𝑟𝑟(H)) = 𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑(𝑑𝑑𝑑𝑑𝑑𝑑(H))− 𝑑𝑑𝑑𝑑𝑑𝑑(𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑(H)),
H
𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑(𝑑𝑑𝑑𝑑𝑑𝑑(H))− 𝑑𝑑𝑑𝑑𝑑𝑑(𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑(H)) = 𝑟𝑟𝑟𝑟𝑟𝑟(J),
𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑(𝑑𝑑𝑑𝑑𝑑𝑑(H)) = 0














































+ 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔(ϕ)) = J𝑒𝑒𝑒𝑒𝑒𝑒,
E = −𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔(ϕ)− 𝜕𝜕A
𝜕𝜕𝑟𝑟
.
(𝐴𝐴𝑥𝑥, 𝐴𝐴𝑦𝑦, 𝐴𝐴𝑧𝑧) ϕ
𝑗𝑗ω















































































































































𝐼𝐼 = 𝐼𝐼𝑟𝑟 + 𝑗𝑗𝐼𝐼𝑖𝑖𝑖𝑖 = 𝐼𝐼𝑖𝑖𝑒𝑒
ϕ = 𝐼𝐼𝑖𝑖 (cos ϕ + 𝑗𝑗 sin ϕ) ;




𝐼𝐼 ω ω = 2π𝑓𝑓
.
𝐼𝐼 = 𝐼𝐼𝑟𝑟 + 𝑗𝑗𝐼𝐼𝑖𝑖𝑖𝑖 = 𝐼𝐼𝑖𝑖𝑒𝑒
ϕ = 𝐼𝐼𝑖𝑖 (cos ϕ + 𝑗𝑗 sin ϕ) ;




𝐼𝐼 ω ω = 2π𝑓𝑓
   
   
   
  
   
















































n ·J = 0
𝑄𝑄𝑖𝑖𝑖𝑖𝑖





n ·J = 0
𝑄𝑄𝑖𝑖𝑖𝑖𝑖
∇ · J = 𝑄𝑄𝑗𝑗𝑖𝑖𝑖𝑉
𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟 𝑑𝑑𝑠𝑠 σ
n · J = σ
𝑑𝑑𝑠𝑠






























· cos ϕ = 0.85
2
2

















· cos ϕ = 0.85
2
2


















































































































































































































fm = −𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚 = −
1
2






𝐵𝐵2𝑥𝑥 − 12𝐵𝐵 𝐵𝐵𝑥𝑥𝐵𝐵𝑦𝑦 𝐵𝐵𝑥𝑥𝐵𝐵𝑧𝑧
𝐵𝐵𝑥𝑥𝐵𝐵𝑦𝑦 𝐵𝐵
2














𝑓𝑓 = 𝑇𝑇 (𝑥𝑥𝑥 𝑥𝑥𝑥 𝑥𝑥𝑥 𝑥𝑥)𝑥
q = −λ 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇𝑔





𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇 [ / ]
q
λ = 𝐿𝐿𝐿𝐿 · 𝑇𝑇 γ,
𝐿𝐿𝐿𝐿 2.445 · 10−8𝐾𝐾2· 𝑇𝑇 γ
λ = 𝐿𝐿𝐿𝐿 · 𝑇𝑇 γ,
𝐿𝐿𝐿𝐿 2.445 · 10−8𝐾𝐾2· 𝑇𝑇 γ
















































































−nd · qd = nu · qu,
−n · q = ϕ ·𝐻𝐻,









−nd · qd = nu · qu,
−n · q = ϕ ·𝐻𝐻,
−n · q = ℎ (𝑇𝑇𝑒𝑒𝑒𝑒𝑡𝑡 − 𝑇𝑇 ) ,











+ u · 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇
)︂
= 𝑔𝑔𝑑𝑑𝑑𝑑(λ𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇 ) +𝑄𝑄+𝑄𝑄𝑝𝑝 +𝑄𝑄𝑣𝑣𝑑𝑑.
γ = 𝐶𝐶𝑝𝑝𝐶𝐶𝑉𝑉

























































𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑘𝑘→𝑘𝑘+1 > 𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑘𝑘+1→𝑘𝑘+2 >
> ...𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑝𝑝−1→𝑝𝑝 ∆𝑇𝑇𝑘𝑘→𝑘𝑘+1 > 0
2 · 107 / 3
𝐿𝐿𝑚𝑚→𝑚𝑚+1
∆𝑇𝑇𝑘𝑘→𝑘𝑘+1
𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑘𝑘→𝑘𝑘+1 > 𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑘𝑘+1→𝑘𝑘+2 >
> ...𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑝𝑝−1→𝑝𝑝 ∆𝑇𝑇𝑘𝑘→𝑘𝑘+1 > 0





























𝑇𝑇 (𝑥𝑥𝑥 𝑥𝑥𝑥 𝑥𝑥𝑥 𝑥𝑥) = 𝑓𝑓(𝑥𝑥).
δ = 250
𝑇𝑇1 = 1350
∘ 𝑇𝑇2 = 50
∘
λ(𝑇𝑇 ) = 0.89+438×
×10−6𝑇𝑇







= 1000 / 3 ρ2 = 400 / 3
ρ1 = 350 / 3
𝑡𝑡 1 = 1000
∘
𝑡𝑡 2 = 50
∘
δ1 = 0.115
δ2 = 0.115 δ3 = 0.230 𝐹𝐹1 =
= 5 2 𝐹𝐹2 = 6 2 𝐹𝐹3 = 7 2 𝐹𝐹4 = 8.5 2 𝐹𝐹1
𝐹𝐹2 𝐹𝐹3
𝐹𝐹4
λ1 = 0.404 + 0.349 · 10−3𝑡𝑡 · λ2 = 0, 110 + 0, 282 · 10
−3𝑡𝑡 ·




= 1000 / 3 ρ2 = 400 / 3
ρ1 = 350 / 3
𝑡𝑡 1 = 1000
∘
𝑡𝑡 2 = 50
∘
δ1 = 0.115
δ2 = 0.115 δ3 = 0.230 𝐹𝐹1 =
= 5 2 𝐹𝐹2 = 6 2 𝐹𝐹3 = 7 2 𝐹𝐹4 = 8.5 2 𝐹𝐹1
𝐹𝐹2 𝐹𝐹3
𝐹𝐹4
λ1 = 0.404 + 0.349 · 10−3𝑡𝑡 · λ2 = 0, 110 + 0, 282 · 10
−3𝑡𝑡 ·












(𝑞𝑞1 · 𝐹𝐹1 + 𝑞𝑞2 · 𝐹𝐹2 + 𝑞𝑞3 · 𝐹𝐹3)/3
𝑞𝑞1, 𝑞𝑞2, 𝑞𝑞3
𝑞𝑞 (𝑥𝑥𝑥 𝑥𝑥𝑥 𝑥𝑥𝑥 𝑥𝑥) = 𝑓𝑓1(𝑥𝑥)𝑥
ρ = 350 / 3
δ = 0𝑥 230
𝑞𝑞 = 650 / 2
λ = 0𝑥 158 ·
ℎ = 10 / 2
𝑞𝑞 (𝑥𝑥𝑥 𝑥𝑥𝑥 𝑥𝑥𝑥 𝑥𝑥) = 𝑓𝑓1(𝑥𝑥)𝑥
ρ = 350 / 3
δ = 0𝑥 230
𝑞𝑞 = 650 / 2
λ = 0𝑥 158 ·


















































𝑑𝑑 = 0.02 1.5 𝐼𝐼 = 32
𝑡𝑡 = 0 ∘
ℎ = 17 /( 2· ) ρ = 1.75·10−8 ·
1
1 ρ = 8900 / 3






𝑑𝑑 = 0.02 1.5 𝐼𝐼 = 32
𝑡𝑡 = 0 ∘
ℎ = 17 /( 2· ) ρ = 1.75·10−8 ·
1
1 ρ = 8900 / 3



































𝑠𝑠𝑠 (Γ (𝑑𝑑− 𝑥𝑥))
𝑠𝑠𝑠 (Γ · 𝑑𝑑)
;
𝐽𝐽(𝑥𝑥) = −Γ𝐻𝐻𝑚𝑚
𝑐𝑐𝑠 (Γ (𝑑𝑑− 𝑥𝑥))







𝑠 (Γ (𝑑𝑑𝑑2− 𝑥𝑥))
𝑐𝑐𝑠 (Γ · 𝑑𝑑𝑑2)
;
𝐽𝐽(𝑥𝑥) = −Γ𝐻𝐻𝑚𝑚
𝑠𝑠𝑠 (Γ (𝑑𝑑𝑑2− 𝑥𝑥))







𝑠𝑠𝑠 (Γ (𝑑𝑑𝑑2− 𝑥𝑥))
𝑠𝑠𝑠 (Γ · 𝑑𝑑𝑑2)
;
𝐽𝐽(𝑥𝑥) = −Γ𝐻𝐻𝑚𝑚
𝑐𝑐𝑠 (Γ (𝑑𝑑𝑑2− 𝑥𝑥))






































































































































(0, 𝑑𝑑) (ℎ1/2, ℎ1/2)































































































































































































































































































6.022 · 1023 1/
376.73 = 𝑚𝑚0 · 𝑐𝑐
4 · 𝑝𝑝𝑝𝑝 · 10−7 /
299 792 458
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